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Abstract
Objectives. The purpose of this study was to evaluate the effect of Chamomilla recutita on the healing of ulcers 
in rats.
Study Design. A 5-mm wound was inflicted on the tongue of 36 rats. Treatment group animals were treated topi-
cally with 0.04 mL/day of chamomile ointment, whereas control group animals were not treated. Animals were 
sacrificed after 3, 7 or 10 days. Semi-quantitative analysis of the degree of inflammation, fibroblast count and 
wound size was performed, as well as histometric analysis of re-epithelialization and percentage of collagen fibers 
of the lesion. 
Results. Animals treated with chamomile showed the best results regarding epithelialization and percentage of 
collagen fibers after 10 days. As expected, time had a statistically significant effect (p< 0.05) on fibroblast count, 
epithelialization, inflammation and wound size; animals sacrificed at 3 days showed the worst results. 
Conclusions. Chamomile stimulated re-epithelialization and the formation of collagen fibers after 10 days of 
treatment; it did not, however, influence inflammation or fibroblast count.
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Introduction
The most common lesions of the oral cavity include ul-
cers caused by trauma, designated traumatic ulcers, and 
recurrent aphthous ulcers (1-3). The loss of epithelium 
and exposure of connective tissue that characterize ul-
cers cause pain and discomfort, affecting the quality of 
life of patients.
There are various options of topical therapy for ulcers, 
which can be used in isolation or in combination: anti-
inflammatory medications, antimicrobial agents, anes-
thetics, protective films and laser. Over the last decades, 
an increasing number of patients have used medicinal 
plants and sought medical guidance for their use (4). 
Particularly in developing countries, herbal medica-
tions are extremely popular for historical and cultural 
reasons (5).
Chamomile, also known as Chamomilla recutita (L.) 
Rauschert (synonymous with Matricaria recutita L., 
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M. chamomilla L. and M. suaveolens L.), of the Aste-
raceae family, is one of the tea ingredients most used 
worldwide. It is a well-known medicinal plant that has 
been used for centuries, particularly because of its anti-
inflammatory, antimicrobial, antispasmodic and sedati-
ve effects (4). The principal chemical components of the 
flowers include several phenolic compounds, primarily 
the flavonoids apigenin, quercetin, patuletin, luteolin 
and their glucosides. The main components of the es-
sential oil extracted from the flowers are the terpenoids 
alpha-bisabolol and its oxides and azulenes, including 
chamazulene (5-9). Anti-inflammatory, antimicrobial 
and antioxidant medications are good choices for the 
treatment of wounds (10).
There are few studies in the field of dentistry that inves-
tigate the effects of chamomile. The plant has proven 
effective in reducing methotrexate-induced oral muco-
sitis (11), in removing the smear layer during root canal 
preparation in in vitro studies (12) and in accelerating 
oral ulcer healing in animals (13) and in humans (14).
The purpose of this study was to evaluate the effect 
of treatment with chamomile extract ointment on the 
healing of tongue ulcers in rats, at three different time 
points.
Material and Methods
Thirty-six adult male Wistar rats (Rattus norvegicus al-
bino) weighing approximately 300 g each were used in 
the present study. The rats were kept in cages at room 
temperature and were given ad libitum access to food 
and water. The present study was approved by the Ani-
mal Research Ethics Committee of the University of 
Taubaté.
All animals were anesthetized with a mixture of 13 mg/
kg of xylazine (2%) and 33 mg/kg of ketamine via in-
tramuscular injection. After anesthesia, the tongue was 
pulled and a wound was inflicted in the central region, 
3 mm from the tip, using a punch of 5 mm in diameter. 
The lesion had 1 mm in depth and was limited to the 
mucosa, without muscular involvement. 
The animals were randomly assigned to two groups, 
treatment and control, using a table of random num-
bers. The animals of the treatment group received to-
pical application of 0.02 mL of chamomile fluid extract 
ointment 10% (Ad Muc; Biolab, Taboão da Serra, SP, 
Brazil) twice daily, with 12-h intervals between appli-
cations. The first dose of the ointment was administered 
on the day after the surgery. The animals were restrai-
ned and their mouths were kept open for ointment appli-
cation using an adapted rubber dam clamp forceps. In 
the control group, the wounds were not treated, but the 
animals were handled in the same manner as were those 
from the treatment group in order to simulate surgical 
stress. 
Each of the two groups was randomly subdivided into 
three subgroups, as follows: animals sacrificed at 3 days, 
animals sacrificed at 7 days and animals sacrificed at 10 
days. The animals were anesthetized and subsequently 
decapitated using a guillotine. The tongues were re-
moved, fixed and stained with hematoxylin and eosin 
(H&E) for histological examination. Samples from ani-
mals sacrificed at 10 days were also stained with picro-
sirius red in order to evaluate the percentage of collagen 
fibers in the center of wound area.
The histological images of sections stained with H&E 
were digitized (magnification, ×200), with the care to 
locate the center of the wound in the center of the mi-
croscopic field. The area of epithelium covering the ex-
perimental lesion on the digitized images was evalua-
ted using the ImageJ 1.31p image processing software 
(National Institutes of Health, Bethesda, MD, USA). 
The images of the sections stained with picrosirius red 
and obtained by polarization microscopy were digiti-
zed (magnification, ×400). The percentage of collagen 
fibers in the subepithelial granulation tissue was asses-
sed using the ImageJ and AdobePhotoshop 7.0.1 (Adobe 
Systems Incorporated, San Jose, CA, USA) programs. 
First, the image of red hue collagen fibers were selected 
with the aid of the AdobePhotoshop 7.0.1 image proces-
sing software. The selected image was then transferred 
to the ImageJ 1.31p software, where it was binarized, 
and the percentage of area occupied by collagen fibers 
was calculated.
The degree of inflammation, fibroblast counts, and 
wound size were evaluated in a semi-quantitative man-
ner. The degree of inflammation was evaluated accor-
ding to the following scores: 0 = none; 1 = mild; 2 = mo-
derate; and 3 = severe. Fibroblast count was evaluated 
according to the following scores: 0 = absence of fibro-
blasts; 1 = few fibroblasts; 2 = presence of disorganized 
fibroblasts; and 3 = presence of fibroblasts parallel to the 
wound surface. The size of the wound was evaluated ac-
cording to the following scores: 0 = closed wound; 1 = 
small; 2 = medium; and 3 = large. The scores for wound 
size were attributed according to the width and depth of 
inflamed tissue that differed from the standard of nor-
mality for the tongue. Therefore, two scores for wound 
size were attributed to each section: one for width and 
another for depth. The final score (ranging from 0 to 9) 
resulted from the multiplication of the scores attributed 
to each of the dimensions.
All analyses were performed by the same calibrated 
examiner, who did not know to which group the sec-
tions belonged.
For statistical analysis, the independent variables were 
time and treatment, whereas the dependent variables 
were epithelialization, percentage of collagen fibers, 
degree of inflammation, fibroblast count and wound 
size. The data regarding percentage of collagen fibers 
were submitted to the Student s´ t-test; the remaining 
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data were submitted to the Kruskal-Wallis and Man-
Whitney tests. The significance level was set at 5% for 
all tests performed. The tests were performed using the 
Bioestat 2.0 (Sociedade Civil Mamirauá, Belém, Brazil) 
and GraphPad Prism 4.0 (GraphPad Softwares Inc., San 
Diego, CA, USA) programs.
Results
Due to technical difficulties, one of the treated animals 
sacrificed at 10 days was excluded from all analyses.
Histomorphologic analysis
The most significant effects observed during histo-
morphologic analysis were related to the experimental 
period; differences due to the treatment were rarely 
perceived.
In animals sacrificed at 3 days, a wide ulcerated lesion, 
covered by a fibrinopurulent membrane, was observed. 
In the connective tissue, severe acute inflammation and 
a high number of polymorphonuclear cells, as well as 
few lymphocytes and plasma cells amid areas of edema, 
were observed (Fig. 1A). Few mast cells were observed 
in the inflammatory infiltrate. In various samples, a 
thin lining of orthokeratinized stratified squamous epi-
thelium began to proliferate from the wound edge, in 
order to cover the connective tissue (Fig 1A). Fibroblast 
proliferation was observed at the base of the ulcer; few 
plump fibroblasts were scattered irregularly, accompa-
nied by newly formed blood vessels, characterizing qui-
te immature granulation tissue.
In most animals sacrificed at 7 days, the ulcer was co-
vered by thin, orthokeratinized stratified squamous 
epithelium. A flattened basal layer was observed, and 
there was no formation of lingual papillae (Fig. 1B). No 
fibrinopurulent membrane or edema was observed. The 
intense acute inflammation observed at 3 days had been 
widely replaced by less immature granulation tissue. A 
moderate number of mononuclear cells, few polymor-
phonuclear cells, newly formed blood vessels and many 
plump fibroblasts were observed (Fig. 1B). Fibroblasts 
were arranged in a more disorganized manner in control 
samples than in treatment samples. In treatment sam-
ples, fibroblasts and fibers were parallel to the surface.
In all samples from animals sacrificed at 10 days, the 
surgical wound was covered by orthokeratinized stra-
tified squamous epithelium. However, differentiation of 
lingual papillae was more pronounced in samples from 
treated animals. Granulation tissue was more mature; 
fibroblasts were less plump and more abundant. They 
were parallel to the surface and amid delicate fibers, 
which were also parallel to the surface (Fig. 1C). In 
some cases, the granulation tissue had been replaced 
with fibrous connective tissue presenting normal cha-
racteristics. Mononuclear inflammatory cells were oc-
casionally observed.
Fig. 1. A. Ulcer covered by a fibrinopurulent membrane and 
epithelium proliferation from the wound edges, in the con-
trol group at 3 days (Original magnification, ×100; Hema-
toxylin and eosin staining). B. Orthokeratinized stratified 
squamous epithelium in the treatment group at 7 days, with-
out formation of papillae. Note the flattened basal layer cov-
ering the wounded area. Granulation tissue showing fibro-
blasts arranged in different directions and muscular tissue 
at the base of the lesion (Original magnification, ×100; He-
matoxylin and eosin staining). C. Surgical wound covered 
by orthokeratinized stratified squamous epithelium without 
formation of papillae in the control group at 10 days. Granu-
lation tissue showing fibroblasts parallel to the surface, less 
plump than those observed at previous time points (Original 
magnification, ×200; Hematoxylin and eosin staining).
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Quantitative analysis
No significant differences were observed between con-
trol and treated animals sacrificed at 3 days, or between 
control and treated animals sacrificed at 7 days. Treated 
animals sacrificed at 10 days showed greater re-epithe-
lialization (mean ± SD; 0.1696 ± 0.0418 mm2) than did 
control animals sacrificed at 10 days (mean ± SD; 0.1309 
± 0.0497 mm2; p = 0.008). Time had a significant effect 
on epithelialization in control and treatment groups (p = 
0.001), as expected. The worst results regarding epithe-
lialization were observed in animals sacrificed at 3 days 
(Fig. 2). In the treatment group, a significant differen-
ce in epithelialization was observed between animals 
sacrificed at 7 days and animals sacrificed at 10 days; 
in the control group, this difference was not observed 
(Fig. 2). 
Percentage of collagen fibers was only assessed in ani-
mals sacrificed at 10 days. Treated animals showed a 
greater percentage of collagen fibers (mean ± SD; 8.255 
± 2.9955%) than did control animals (mean ± SD; 6.025 
± 3.1815%; p = 0.022).
Semi-quantitative analysis
Descriptive statistics were used in the analysis of the 
scores for inflammation, fibroblast count and wound 
size (Table 1).
No significant differences were observed between con-
trol and treated animals, after 3, 7 or 10 days, regar-
ding to the scores for inflammation, fibroblast count 
and wound size. As expected, again, according to the 
Kruskal-Wallis test, the experimental period had a 
significant effect on all dependent variables evaluated 
semi-quantitatively, in treatment and control groups (p 
= 0.001). Animals sacrificed at 3 days showed a grea-
ter degree of inflammation and larger wound size, as 
well as the lowest fibroblast count scores (Table 1). No 
significant difference in the degree of inflammation, 
fibroblast count or wound size was observed between 
animals sacrificed at 7 days and those sacrificed at 10 
days.
Discussion
Wound healing constitutes a perfectly coordinated 
cascade of cellular and molecular events that interact 
in order to promote tissue repair. Various authors have 
investigated medications that might accelerate wound 
healing, reduce painful symptoms associated with oral 
ulcers and have an optimal cost-benefit ratio.
Various methods and formulations have been used to 
investigate the effect of chamomile on tissue repair in 
animals. Nayak et al. (15) evaluated the effects of oral 
administration of 120 mg/Kg of chamomile flower ex-
Fig. 2. Mean and standard-deviation of epithelializa-
tion area over the experimental lesion (mm2). C: control 
group; T: treatment group. s: statistically significant dif-
ference (p<0.05); ns: statistically non-significant differ-
ence (p>0.05).
 I FC WS I FC WS I FC WS 
Median Mean Standard Deviation 
C3 3 1 9 3 0.889 8.111 0 0.323 1.779 
C7 2 3 4 2 2.667 4.556 0.686 0.594 2.307 
C10 1 3 3 1.5 2.722 3.222 0.618 0.575 1.833 
T3 3 1 6 2.944 0.889 7.056 0.236 0.323 1.955 
T7 2 2 4 2 2.333 3.667 0.908 0.594 2.142 
T10 2 3 2 1.667 2.533 2.467 0.488 0.640 1.685 
Table 1. Descriptive statistics of the scores for inflammation (I), fibroblast count (FC) and wound 
size (WS). C: control group; T: treatment group. The numbers 3, 7 and 10 refer to observation 
period.
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tract in drinking water. They observed more rapid epi-
thelialization, reduced wound size, increased number of 
fibroblasts and hydroxyproline content, an indicator of 
collagen turnover, as well as reduced inflammation in 
the animals treated with chamomile flower extract. In 
the present study, greater epithelialization and percen-
tage of collagen were associated with the use of cha-
momile after 10 days of topical treatment. However, no 
statistically significant improvement occurred after 3 or 
7 days of treatment. Dose schedule tested was based on 
manufacturer’s instructions. The amount of ointment 
used at each application (0.02 mL) was enough to cover 
the wound.
Some authors (10) noted accelerated healing of exten-
sive skin burns, beginning at 20 days, in rats treated 
topically with chamomile in olive oil. Martins et al. (13) 
evaluated the effects of chamomile on 3-mm wide ul-
cers in rat tongues, employing the same pharmaceutical 
form used in the present study and quite similar me-
thodology. The authors noted that the group of animals 
treated with chamomile showed complete ulcer healing 
on day 5, whereas animals treated with corticosteroids 
only reached that stage of repair on day 14. Corticoste-
roids are widely used in the topical treatment of canker 
sores (3) and traumatic ulcers and, despite the route of 
administration, can have adverse systemic effects (13). 
Therefore, in order to avoid such adverse effects (and 
also due to low cost, easy access, low toxicity and easy 
administration) some practitioners prefer to prescribe 
herbal medications such as chamomile (13). Despite the 
positive outcomes of chamomile treatment regarding 
tissue repair, the exact mechanism of action of the plant 
remains unclear (10).
We did not find significant differences between the 
control and treatment groups regarding the degree of 
inflammation and the size of the wound. This is in dis-
agreement with the results obtained by other authors, 
who noted the anti-inflammatory effects of chamomile 
(13,15). The lack of significant difference between the 
groups in the semi-quantitative analysis might indi-
cate that quantitative evaluations are more accurate. 
Although chamomile treatment had no effect on fibro-
blast counts at any of the time points considered in the 
present study, higher collagen content (a product of 
fibroblast secretion) was observed in animals treated 
with chamomile after 10 days of treatment. Some au-
thors have suggested that collagen type I, with thicker 
fibers, presented a red color in polarization microscopy 
while collagen type III, with thinner fibers, appeared 
green (16). However, although type III fibers are usually 
thinner than type I fibers, it may not be valid to state 
that green fibers are type III and orange fibers type I. It 
is possible that a green fiber may be an immature, thin 
type I. In our work, we only evaluated the predominant 
red hue collagen fibers. The chamomile treatment had 
a greater influence on fibroblast activity than it did on 
fibroblast count. Since flavonoids, such as quercetin and 
apigenin present in chamomilla, are known to inhibit 
matrix-metalloproteinase-1 (MMP-1) and down-regula-
te MMP-1 expression via an inhibition of the activator 
protein-1 (AP-1) activation (17), the increased level of 
collagen could result from the inhibition of metallopro-
teinases activity. The percentage of collagen fibers was 
not assessed at 3 days or at 7 days because the formation 
of fibers was not evident at those time points. 
In the present study, there was not a group which recei-
ved placebo ointment. However, a research (18) investi-
gated the healing of 5mm wounds of rat tongues treated 
with three different medications (propolis in propylene 
glycol, triamcinolone acetonide in oromucosal paste 
and oromucosal paste). The authors, who used methods 
similar to ours, and sacrificed animals after 3, 7 or 10 
days, concluded that the control group (animals that did 
not receive treatment) and the oromucosal paste group 
showed similar healing patterns throughout the 10-day 
experimental period (18). This confirms the absence 
of placebo effect in this methodology and supports the 
hypothesis that the medication effects observed in the 
present study were due to the active principles of cha-
momile, not to the physical protection of the wound.
Despite the promising results of studies in vitro and in 
animal models, few studies have investigated the effect 
of chamomile on oral tissue repair in humans, often 
showing controversial results. Although some authors 
(11) have reported improvement of methotrexate-indu-
ced mucositis using mouth rinses of chamomile, Fidler et 
al. (19), who investigated 164 patients with 5-fluoracil–
induced mucositis, found no significant differences bet-
ween the group treated with chamomile and the placebo 
group. With regard to the relief of painful symptoms of 
canker sores, the analgesic effects of the ointment used 
in the present study were considered excellent by 82% 
of the population investigated by Ramos-e-Silva et al. 
(14). Further studies investigating the effects of chamo-
mile on oral lesions in humans are needed, as well as 
studies aimed at elucidating the mechanisms of action 
of the plant.
The use of chamomile extract ointment according to the 
methodology of the present study stimulated re-epithe-
lialization and formation of collagen fibers after 10 days 
of treatment; chamomile did not, however, influence the 
degree of inflammation, fibroblast count or wound size.
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